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Furthermore, stress-induced increases in adrenal release of glucocorticoids. 7 Increasing the plasma levels of glucocorticoids in the acute period are life saving but in the following period are harmful and disruptive. 8 Glucocorticoids affects some brain structures such as the hippocampus disrupt in episodic memory. 7 The Hippocampus, which belongs to the limbic system, has a high concentration of glucocorticoid receptors. [1] [2] [3] [4] [7] [8] [9] Besides its function in neuroendocrine regulation, the hippocampus plays an important role in emotional processing, learning and memory. 1, [10] [11] [12] Based on these data, some researchers investigated the effects of stress on hippocampal function in laboratory animals and in humans. 1, 13 Moreover, the investigations focussed on neuronal structures like dendritic spines of the hippocampus. Dendritic spines are small protrusions and postsynaptic sites of excitatory input in the mammalian nervous system. 14, 15 It has been suggested that they may play a role in associative memories. [16] [17] [18] Additionally, dendritic spines have been shown to act as biochemical compartments. 15, [19] [20] [21] [22] Some ultrastructural analyses of hippocampal neurons have indicated that dendritic spines undergo morphological changes following stress. 3, [23] [24] To further understand how the adult brain endures stressful events during early life, the present study examined the ultrastructural effects of maternal separation, during development of the LHPA system, on hippocampal dendritic spines in adult rats.
MATERIALS AND METHODS
The experiments were carried out with male and female Wistar rats which were obtained from the Experimental Animal Center in Çukurova University in Adana between 2003-2007 in this study. After a habitutation period of one week, four females were mated with one male in transparent polycarbonate boxes (320x460x190 H m/m) containing sawdust bedding in our department's animal laboratory. Pregnant females were transferred separately to clean polycarbonate cages with sawdust. They were checked for litters daily at 09:00h and 17:00h and if litters were found, the day of birth was defined as Day 0 for those litters. From this moment on, the litters were not handled in any way nor were their cages cleaned until the postweaning time (postnatal day 22), to minimize disruption of mother-infant relationships. A total of 24 litters was used in the study. All animals were housed under constant conditions: 12:12h light/dark cycle (lights on at 07.00h), temperature (23±2°C), humidity (55±5%) and entrance was restricted to a limited number of persons. Rat chow and water were provided ad libitum.
All the experimental procedures were carried out in accordance with the experimental protocols approved by the animal care committee of University of Çukurova. All efforts were made to minimize animal suffering during the experiments.
Three experimental groups and one control group were studied. Each group consisted of six pups which were from the same dam of both sexes. Maternal deprived subjects were separated from their mothers for 24 hour at 09.00h at the beginning (PND 4), in the middle (PND 9) of the LHPA axis development periods and at PND 18 after LHPA axis. To carry out MS, the dam was removed to another cage while the pups remained in their home cage. The home cage was then transferred to the deprivation room, adjacent to the main colony room and placed on a heating pad at 33°C. The deprivation room was kept under the same temperature and lighting conditions as mentioned previously. Neither food nor water was available during the deprivation period. After 24h the pups were returned to the main room and the mother returned to the home cage. The summary of our groups were as follows:
Group 1(n=6) (the control group)-The pups remained undisturbed with their mother from birth until postweaning day 22.
Group 2(n=6)-The pups were deprived at PND 4 from their dam for 24h.
Group 3(n=6)-The pups were deprived at PND 9 from their dam for 24h.
Group 4(n=6)-The pups were deprived at PND 18 from their dam for 24h. In all the deprived and control groups, pups were separated from their mothers and placed in separate cages with four same sex animals per cage at postweaning day 22. From then on, the subjects remained undisturbed with food and water available ad libitum until the age of three months -(young adulthood) -to investigate the ultrastructural effects of early life stress that performed on different development periods of LHPA system on hippocampus.
When the subjects were at young adulthood time, the rats were deeply anesthetized with ksilazin (10 mg/kg) and ketamin (80 mg/kg) and transcardially perfused with 250 ml 4% paraformaldehyde. The brains were waited overnight in the solution. From each brain, the tissue samples were taken from the hippocampal CA1 and CA3 subregions which was 1 mm 3 thick. The tissues were immediately placed in 5% glutaraldehyde buffered at pH 7.4 with Millonig phosphate buffer for four hours. The tissue pieces were subsequently fixed in 1% osmic acid for two hours. Tissue samples were then dehydrated in graded ethanols, embedded in araldite and processed for electron microscopy using conventional methods.
Spines and axodendritic synapses were analysed by using Zeiss Transmission Electron Microscope EM 900 (OberkochenGermany) at a final magnification of X5000. Only axodendritic synapses from 50 different areas within the 150 µm 2 of the section were randomly selected at a final magnification of X5000.
The number of axodendritic synapses were analysed by using SPSS for Windows Version 10.0. For comparison between dependent groups pair t test, for between independent groups one-way ANOVA, for multiple comparisons, Duncan test was applied. From these data, mean and standard deviations were calculated. A level of p<0.05 was considered significant.
RESULTS
We addressed the ultrastructural effects of early life maternal deprivation on axodendritic synapses of hippocampal CA1 and CA3 subregions in the adulthood time. When we analyzed our data according to gender, we found no differences in male and female rats so we did not divide into sexes for analysis. As shown in the Table, semiquantitative analysis of axodendritic synapses revealed that maternal deprivation reduced the number of synapses (p<0,05, one-way ANOVA, Tukey post hoc test) in CA1 and CA3 subregions in groups which were separated on PND 4 (Group 2) and PND 9 (Group 3) compared to the number of non-separated control group's (Group 1) synapses. Additionally, the number of synapses in CA3 subregion were significantly lower than CA1 area in Group 2 and 3 (p=0.000, p=0.000 respectively). However, in Group 4 (separated PND 18), the number of axodendritic synapses were similar to the control's in both areas (p=0.02, p=0.4 respectively). Figure 1 showed the cumulation of axodendritic synapses in CA1 and CA3 regions according to the groups.
Electron Microscopic Findings
Group 1. The nerve cells, the glial cells and nerve fibres exhibited normal ultrastructure. Additionally, dendritic spines and axodendritic synapses were also seen normal (Figure 2) . Group 2. Although most of the nerve cell showed normal ultrastructure, in some neurons the nuclear envelope made deep invaginations into the nucleus. Moreover, some empty vacuoles were found between axon and myelin sheath in some myelinated nerve fibres. In cytoplasm, the organelles exhibited normal structure like first group. The ultrastructure of the capillary wall determined normal. Axodendritic synapses were also seen normal ( Figure 3) . Furthermore, some of the dendrites revealed degenerative changes, with membranous whorl like structures ( Figure 4) .
Group 3. The nerve cells and myelinated nerve fibres exhibited normal structure. The glial cells also showed normal ultrastructure. In axodendritic synapses, synaptic vesicles and a few organells were seen. Myelinated nerve fibres exhibited normal structure. Dendritic spines were seen in several shapes according to the slice level (Figures 5 and 6) .
Group 4. The nerve cell revealed normal structure with nucleus and cytoplasmic organelles. However, in some nerve cells, the nuclear envelope of nucleus made some deep invaginations into the nucleus as seen in Group 2 ( Figure 7) . Although most of the dendrites exhibited normal structure, some showed membranous whorl like structures. Furthermore, some of the nerve cells disclosed flamentous structures in the nucleus. Axodendritic synapses, glial cells and capillaries showed normal ultrastructure (Figure 8 ). 
DISCUSSION
The results of these experiments indicate that early maternal deprivation in different development periods of the LHPA axis results in some morphological changes in learning and memory sites of the hippocampus in adult rats. Thus, our semiquantitative study also revealed that early postnatal stressful emotional experience alters the synaptic development in the subregions of CA1 and CA3 of hippocampus. 
CA1 region. The nerve cells exhibits normal structure. In dendrites (D), mitochondria (m) are seen. Synaptic vesicles (v) are found in presynaptic region of axons (a). Axodendritic synapses (arrows) are seen. Myelinated nerve fibers (arrow heads) (original magnification X 20,000).

Figure 4: Group 2. CA1 region. In some dendrites, membranous whorl like structure are found (arrow head). Axodendritic synapses (arrows), synaptic vesicles (v), mitochondria (m), myelinated nerve fibers (double arrow) (original magnification X 40,000).
Figure 5: Group 3. CA3 region. Axodendritic synapses (arrows) are seen in normal structure. Axon (a), dendrite (d) (original magnification X 25,000).
Figure 3: Group 2. CA1 region. Neurons (N) show normal structure. In some neurons, nuclear envelope made deep invaginations (arrows) into the nucleus (n). Axodendritic synapses (double arrows) are seen normal. Myelinated nerve fibers (arrow heads) (original magnification X 10,100).
Stress is a risk factor for several illnesses ranging from autoimmune diseases to mental illness and the LHPA axis represents a major component of the stress response. 3, 7 Limbic and hypothalamic structures integrate emotional, cognitive, neuronal and autonomic inputs and performed the responses to stressful experiences. 1 It is well known that the LHPA system in the rat is under maternal regulation. 25 Thus, maternal deprivation is a strong stimulus for the neonate's early life stress and has been used as an experimental paradigm to investigate the neuronal structures. 5, 26 It was suggested that not only the stress model, but also the timing, frequency, pups age and duration of the deprivation may influence this axis regulation in later life. 4, [26] [27] [28] This deprivation procedure can occur in different models and has been described in three models; the first one includes separating the infant from mother and all social groups and placed in an unfamiliar environment; in the second model the mother is removed, but all other social groups remained for the infant and in the last type, mother and infant moved from a familiar environment together. The most severe of these models, in terms of elevations of cortisol level is the first one. 29 In this study, we chose the first model which the pup is deprived from all familiar surroundings and placed in a separate environment.
Moreover, in planning the duration of maternal deprivation, this manipulation involves removal of the pup from dam for time periods of at least one hour or the other form constitutes for a single period of 24 hour on one specific postnatal day between birth and weaning. 5 The effects of single period of MD were dependent on the age of the pup at the time of deprivation. PND 4-14 are characterized by low basal LHPA activity, this age has been considered as SHRP of rat development and is characterized by an adrenal insensitivity to stimulation with ACTH, minimal corticosterone elevations in response to most stressors. 5, 6, 25, [30] [31] [32] [33] [34] [35] Major advantage to perform single MD paradigm for this study, is it provides to investigate the specificity of the manipulation in development periods of pup. Furthermore, the rat was determined to be a useful experimental model for early developmental events and the ontogeny of rats is rapid, well known. Additionally, in general many aspects of neuronal and physiological development in rats are predictive for humans. 36 According to this data, we preferred rats for this experimental study. The hippocampus is the central component of limbic circuitry and shows morphological and functional vulnerability to some neuroendocrinological changes such as ischemia, head trauma, hypoglycemia and aging. 37, 38 Thus, the human hippocampus undergoes atrophy after traumatic stress, depression and Cushing's syndrome. 13 After discovery of glucocorticoid receptors in this area, studies which investigated the effects of stress, were increased on hippocampus. 1, 9 However, it was observed that in rats after 21 days of daily stress, hippocampal CA3 pyramidal neurons had a decrease in apical dendritic branching and dendritic length. 1, 4, 13, 39 Therefore, the decision to examine the hippocampus in the current paper was based upon the data that early stress alters the morphology of this area in the mature brain. 3, 23, 26, 32, [39] [40] [41] [42] In the hippocampus, most excitatory synapses are located on dendritic spines which were first described by Ramon y Cajal in 1891. [17] [18] [19] 43, 44 It was emphasized that spines are stable storages of long term memory. Moreover, there are also data that learning alters the spine density in the hippocampus. 16, 17 In our experimental paradigm, when we analyzed the ultrastructure of the hippocampal CA1, CA3 regions of Group 2 which was separated from dam at the beginning of the SHRP (PND 4), it was observed that in some neurons, the nuclear envelope made deep invaginations into the nucleus, empty vacuoles between axon and myelin sheath and membranous whorl like structures were seen. However, axodendritic synapses were seen normal. Due to semiquantitative analysis, the number of axodendritic synapses was found as 35.7±2.2 in CA1 region and 34.6±2.7 in CA3 region. All these data are in contrast to the control group's ultrastructure and number of synapses: lower in Group 2. The ultrastructural appearance and decreased number of synapses are similar to previous reportswhich also indicated that early stress caused morphological and functional changes 3, 13, 39 As discussed recently, MD pups had some neuroendocrinological and behavioural effects. Since some of these deficits are similar to abnormality observed in schizophrenic patients, MD has been proposed as an interesting model for this disorder. 5, 30 Thus, Ellenbroek et al 45 have shown that a single 24 hour period of MD at typically PND 9 increases apomorphine susceptibility and decreases prepulse inhibition in rats, also seen in schizophrenic patients. Additionally, it was estimated that beginning at PND 8, MD alters the LHPA axis so the pup is responsive to mild stress. 46 In our Group 3 (deprived at the midterm of SHRP-PND 9), although in micrographs it was observed that the nerve cells, glial cells, myelinated nerve fibres were in normal structure, the number of synapses were significantly lower than the controls (33.1±2.1, 31.9±2.6 in CA1 and CA3 regions respectively). This is in concordance with data that early stress alters the production of synapses in hippocampus. 34 The last group deprived after SHRP on PND 18, deep nuclear envelope invaginations and membranous whorl like structures were found in some neurons similar with the second group. Some flamentous structures were also seen in the nerve cell nucleus in this group. Furthermore, axodendritic synapses were found normal. In semiquantitative estimation, number of synapses were found as controls' values (38.7±2.2 in CA1 and 38.3±2.1 in CA3). It was interesting that there were some effects on ultrastructure due to MD but not on synapses. It was reported that MD at PND 18-20 days results in profound changes of the LHPA system. 6 Even though the post SHRP deprived pup shows a normal corticosterone response to mild stressors, 24h of MD enhances this response and pups at this age are in a transitional process. We think that also after SHRP pups are still dependent on the dam for the regulation of the LHPA system.
Here, we report our findings on the effects of MD conducted during beginning, midterm and post LHPA system development, on hippocampal ultrastructure and synapses in adult rats. Overall, the results show that, depending on the age of rat, MD led to different long-term effects on morphology and synapses. We observed a stress-induced decreasing number of synapses and ultrastructural changes seen in hippocampal subregions CA1, CA3 in rats in Group 2 and 3 as compared with control group. Although some electron microscopic changes were found in Group 4, the number of synapses were similar to controls. This finding may be due to the fact that the LHPA system still needs the dam's presence for normal development and disruption of dam-pup interaction alters this system at every level. Moreover, after SHRP, maternal contact remains essential for rat development.
In conclusion, the present experiments establish that MD, an important stress factor in rats, produces ultrastructural changes and decreases the number of synapses in CA1 and CA3 subregions of the hippocampus.
